Dairy cows of 2 breeds, 74 Holstein (H) and 72 Czech Fleckvieh (C) cows in the 1st (H, n=38; C, n=38) and 2nd lactation (H, n=36; C, n=34) during the 1st period (n=74; H, n=40; C, n=34; to 150 days) and the 2nd period of lactation (n=72; H, n=34; C, n=38; above 150 days) were observed. Differences in external and internal proportions of teat closely before (the 1st measurement), immediately after (the 2nd measurement) and 3 h after milking (the 3rd measurement), udder conformation evaluated by linear description, somatic cell count, daily milk yield and the time of milking were evaluated in relation to the effect of breed and period of lactation. The length of the teat canal, area of the teat end, and wall thickness were measured from the axial picture recorded by ultrasound Aloka SSD500 (Aloka Co., Ltd., Tokyo, Japan).
Introduction
Milking, preparation of the mammary gland, technology of milking, and care of the udder represent a set of technical operations which significantly affect the quality of milk, health, and economics of a herd. The implementation of machine milking simplified the care of animals and increased milk quality, but on the other hand induced many disorders of udder (TWARDON et al. 2001) . Changes in the physiological status of teat tissue can be evoked by technology or frequency of milking and increases the risk of infection to the udder (IPEMA and BENDERS 1992) . The basic function of the teat is to hold and subsequently to give milk from the udder and at the same time to act as a barrier against possible infiltration of infection to the udder. It is necessary to rate the teat canal as one of the most important barriers against the intrusion of microorganisms into the udder. A vacuum in the teat extender opens teat canal and milk can flow out, but this vacuum simultaneously pulls blood and lymph to the distal end of the teat. In addition, the entrance of the teat canal can remain in an open position. These changes increase the possibility of penetration of pathogenic microorganisms into the udder, because the skin of the teat becomes hard and this simplifies expansion of pathogenic organisms which can then infiltrate the udder through the opened teat canal more easily. Repeated changes have a negative effect because they can become irreversible. DOLEžAL et al. (1999) mentioned that a higher frequency of milking evokes lower traumatization of the teats and reduces the possibility of bacterial invasion. On the contrary, IPEMA and BENDERS (1992) found that higher milking frequency leads to greater mechanical stress of the teats and the entire udder as well. A reduction of periods between individual milkings increases the risk of teat damage, and worsening of the physiological status of the teat tissue increases the risk of udder infection.
Change in teat functionality and bacterial penetration can be affected by the vacuum of machine milking. The diameter of the distal teat end and wall thickness is significantly higher in milking with a vacuum of 50 and 40 kPa than with a vacuum of 30 kPa. Edema persisted 30 min after milking with a vacuum of 50 kPa. Milking at a higher vacuum level leads to a greater long-term decline of defence mechanisms than in milking with a vacuum of 30 kPa. A vacuum of 50 kPa increases the number of opened canals compared to 45 kPa, and the somatic cell count in milk corresponds to this fact. ZECCONI et al. (1992) described a higher level of infection in udder quarters and more frequent incidence of pathogens in the teat part of the udder in cows with a change in the size of the distal teat end after milking higher than 5 %. RASMUSSEN and MADSEN (2000) evaluated the effect of vacuum in a milking pipeline on the health of the mammary gland and the level of milk yield. They found that the yield and flow of milk decline when pressure in milking is 38 kPa in comparison to 48 kPa. The milking time is longer and the number of teat extenders falling off increases simultaneously. Different vacuums in a milking pipeline have no effect on the health status of the mammary gland. The status of the teat tissue was non-significantly worse when a pressure of 38 kPa was used. Milking with 32 kPa pressure did not affect the level of milk yield of low-yielding cows in comparison with 42 kPa pressure, and other traits had the same tendency in high-yielding cows as well. Pressure in milking equipment 8 kPa higher than in milking pipelines did not increase milk yield. A short-term effect of machine milking on teat tissue manifests itself by edema, and the extent of this edema can be measured by ultrasound as shown by HOMAN and WATTIAUx (1995) . A sudden change of sucking and pressing action causes greater edemas of the teats without shortening the milking time. A long-term effect is the change in the tissue of the distal teat end to a callous ring all around the orifice of the teat. This change leads to opening of the teat, thus enabling invasion of bacteria to the udder. The teat is an important barrier against the penetration of pathogens causing mastitis.
The right techniques of milking and adjustment of milking equipment guarantee good health of the teat as well as the udder. The level of vacuum in the underteat chamber is one of the main factors. VEGRICHT et al. (1995) mentioned especially the effect of its stability during milking. High-quality milking equipment should ensure minimal decline of vacuum in cows with a high intensity of milking (8-10 l×min -1 ). Well-timed detachment of milking equipment from the udder is also an important factor. SCHÖN et al. (1992) reported that ordinary milking lasts about 2 min (ranging from 0 to 10 min) longer than is necessary. Milking time is exceeded by about one or more min even in machines which check the intensity of milk flow, with milking equipment being removed from the udder only with a decline in milk flow to under 0.2 l of milk per min.
The objective of this work was to evaluate differences in external and internal proportions of traits measured closely before, immediately after and 3 h after milking in relation to the effect of breed, period and number of lactation.
Material and methods
Dairy cows of Holstein (H, n=74) and Czech Fleckvieh (C, n=72) in the 1st (H, n=38; C, n=38) and 2nd lactation (H, n=36; C, n=34) were included in the data set. Differences in the external and internal parameters of the teat were evaluated. A linear description of the udder was carried out in both breeds simultaneously. Somatic cell count, milking time and daily milk yield were measured during the entire observation as well. The effect of the lactation period on the same parameters and traits was evaluated in 74 dairy cows (H, n=40; C, n=34) during the 1st period of lactation and in 72 dairy cows (H, n=34; C, n=38) during the 2nd period of lactation. The measurements in the 1st period for each animal were taken up to 150 days after calving, and in the 2nd period after 150 days.
The cows were housed in a free stable with a straw bedding and milked in an Alfa Laval milking parlour with a vacuum during the premilking stage at a level of 33 kPa and 49 pulses×min . Cleaning of the udder was performed using a dry disposible paper towel. The used feeding system total mixed ration (TMR) was based on preserved components during the whole year and did not change over the year. Feed ration consisted of basic components: corn silage, alfalfa silage, straw, hay, alfalfa hay, supplement concentrate, draft, waste brad, molasses and minerals. Portion of components was in relation to daily milk production of cows in individual groups.
Teat diameter was measured with a calliper in cm with an accuracy of 0.1 (external diameter) in one third of the teat above the teat end. The length of the teat was also measured with a calliper with an accuracy of 0.1 cm from the base of the udder to the distal end of the teat.
The length of the teat canal (from the outer end to the inner end, accuracy 0.1 cm), area of the teat end (area bordered by the skin line and by the perpendicular to axe of teat canal at the point of the interior end of the teat canal, accuracy 0.2 cm 2 ), and wall thickness (wall thickness 1 cm up to teat end, accuracy 0.1 cm) were measured from the axial picture recorded by ultrasound Aloka SSD500 (Aloka Co., Ltd., Tokyo, Japan) with a UST512U-7,5 MHz probe in the medial direction of the teat and in the transverse direction of the cow using a plastic bottle with water as a bath for sonography of the teat. The ultrasound was recorded as a video sequence on a VHS cassette, and a suitable picture was selected from this record in a PC using software the Pinnacle Studio 8 (Pinnacle Systems Inc., Mountain View, USA) transferring of the static pictures from the video sequence recorded from ultrasound and Lucia 4.1 software (Laboratory Imaging, s.r.o., Prague, Czech Republic) for measurement of internal parameters of the teat.
The selected traits of udder conformation were evaluated by the linear description used for the given breed during the 1st period of lactation before the beginning of individual milking. The central ligament, mammary veins, width of rear udder attachment, and rear udder attachment were evaluated by a fixed number of points in relation to methodology for these breeds.
Milk yield, time of milking, and somatic cell count were evaluated as traits of milk performance. Milk yield was recorded from the display unit of the calibrated milking equipment with an accuracy of 0.1 l of milk. Milking time was measured by stopwatches with an accuracy of 1 s. Measurement started with putting the teat extender on the observed teat and ended with automated detachment of the milking device from the udder. Milk samples were collected in standard sample tubes with a preserving agent from the selected quarter of the udder only. Evaluation of the somatic cell count was performed by the Fluoro-Optical-Electronic method in the State Veterinary Institute, Prague, Czech Republic.
The left front teat was observed in each dairy cow. The same teat was measured in subsequent measurements. The teat was evaluated three times: 1) closely before milking after drying of the teat; 2) immediately after milking; 3) 3 h after milking ± 15 min. The teat was measured twice during lactation. The first measurement was made up to 150 days of lactation (the 1st period) and the second after 150 days (the 2nd period).
The basic statistical parameters -minimum (min), maximum (max), least square mean (µ+α), and standard error (SE) were calculated for all the observed traits before, immediately after, and 3 h after milking. The total number of observations (n) is presented in the tables describing the results.
The statistically significant differences between the average values of observed parameters were determined in relation to the effect of breed and period of lactation.
The dataset was analysed by ANOVA through the statistical program SAS STAT 9.1 -GLM (SAS Institute 2001).
Evaluation was performed using the following general linear model:
where Y ijkl is the observed value of the parameter as a dependent variable (diameter of the teat, length of the teat, length of the teat canal, area of the teat end, and wall thickness before, immediately after, and 3 h after milking; the suspensory ligament, the mammary veins, the width of the rear attachment, the rear udder attachment, the number of somatic cells per ml of milk, the length of milking, and daily milk yield), μ is the average value of dependent variable, BREED i is the fixed effect of i-breed (i=Czech Fleckvieh, n=72; Holstein, n=74), PERIOD j is the fixed effect of j-period of lactation (j=1st period -up to 150 days of lactation, n=74, 2nd period -above 150 days of lactation, n=72), LACTATION k is the fixed effect of k-lactation (k=1st lactation, n=76, 2nd lactation, n=70), e ijkl is the residual effects (random error).
Differences between estimated variables were tested at the levels of significance P<0.05 (*, a), P<0.01 (**, b), and P<0.001 (***, c).
Relative changes of external and internal parameters of the teat between measurements immediately after and 3 h after milking were calculated in accordance with the equation:
where X in is the value of i-trait in n-cow closely before milking, Y in -value of i-trait in n-cow immediately after milking, Z in -value of i-trait in n-cow 3 h after calving, i-observed parameters of teat-diameter of teat, length of teat, length of teat canal, area of teat end, and wall thickness, n-number of cows in the group.
Results and discussion
The proportions of teats, traits of udder linear description and daily milk yield determined in relation to the breed of cows are presented in Table 1 . Selected traits of the udder belong among functional traits affecting the length of productive life (MéSZáROS et al. 2008) . The values of the external proportions of the teat were higher in Czech Fleckvieh cows (C) in comparison with Holstein (H). Differences in teat diameter 3 h after milking, length of the teat closely before and 3 h after milking were statistically significant between these breeds (P<0.001). The teat was 0.74 cm longer before milking in the C cows (P<0.001), 0.73 cm immediately after (P<0.05), and 0.85 cm 3 h after milking (P<0.001). GLEESON and CALLAGHAN (1998) recorded the length of the teat before milking as 5.25 cm and 6.11 cm after milking. In the present study was measured 5.37 cm before, 5.63 cm immediately after, and 5.13 cm 3 h after milking in the group of H cows, while in the C cows the length of the teat was 6.11 cm before, 6.36 cm immediately after, and 5.98 cm 3 h after milking. Teat diameter decreased immediately after milking from 0.14 to 0.15 cm in both breeds (P<0.05).
A slower decline in relative teat diameter 3 h after milking to 97.4 % of that before milking was found in breed C. This fact is presented in Table 2 . Changes in teat proportions measured between the values before and 3 h after milking and between those immediately after and 3 h after milking in breed H, and between the 1st and the 3rd measurement in breed C were statistically significant (P<0.001). Relative changes in the diameter of the teat between the C and H cows were significant between measurements before and 3 h after milking (P<0.05).
Teat diameter was reduced more in the H breed. The length of the teat immediately after milking was extended in both breeds, but was shorter 3 h after milking than closely before milking. A significant difference (P<0.001) between the values measured immediately after and 3 h after milking was detected only in the H group. Relative changes of teat length were very similar and non-significant in both breeds. The teat length extended to 104.5 % immediately after milking in the C cows and to 106.4 % in the group of H cows. KLEIN et al. (2005) observed the length of the teat canal by ultrasound in four breeds -Brown Swiss, Simental, crossbreeds Simmental × Czech Fleckvieh, and Holstein. The present findings did not differ significantly. In agreement with the results of WEIS et al. (2004) , in the present study was confirmed the differences in the length of the teat canal and teat proportions in individual breeds. The length of the teat 3 h after milking was 99.1 % of that before milking in the C cows and 96.8 % in the H breed. The length of the teat canal measured via ultrasound was 1.42 cm before milking, 1.68 cm immediately after, and 1.52 cm 3 h after milking in the C breed. The average length of the teat canal in the H cows was 1.35 cm before, 1.50 cm immediately after, and 1.39 cm 3 h after milking. Interbreed differences were significant immediately after (P<0.01) and 3 h after milking (P<0.05). GLEESON and O´CALLAGHAN (1998) described the length of the teat canal before milking at the level of 1.21 cm, and PAULRUD (2005) from 0.30 to 1.80 cm.
The most significant differences in internal proportions were determined in both breeds within those values measured before and immediately after milking. Differences in the teat canal length were significant at level P<0.01 in the group of C cows between the 1st and the 2nd measurement and at level P<0.05 between the 2nd and the 3rd measurement, while these differences were significant at levels P<0.001 and P<0.01 in the H cows. The dynamics of changes in the length of the teat canal demonstrated extension by 20 % in the C breed and by 14 % in the H cows. A sudden restoration of the initial length by 11 % was detected 3 h after milking in the cows of the C breed; however, the teat canal did not reach the initial length during 3 h after milking (+9 %). Restoration of the length of the teat canal 3 h after milking was slower, by 5.7 % only, in the group of H cows, but the initial size was not restored (+8.3 %). The area of the teat end differed significantly between the evaluated breeds in all three measurements (P<0.001). Significant differences in the area of the teat end were determined between the 1st and the 2nd measurements (P<0.01) and between the 2nd and the 3rd measurements (P<0.05) in the C cows, respectively at levels P<0.001 and P<0.01 in the cows of the H breed. Enlargement of the teat end area was comparable, 21.9 % in group C and 21.7 % in group H. However, the area remained enlarged 3 h after milking differently, in the C breed by 7.6 % and by 10.9 % in the H cows. Relatively fast restoration of the teat end area to its initial size demonstrates good health condition of the teats in cows of both breeds as well as proper milking management, according to the findings of DOLEžAL et al. (2000) , VEGRICHT et al. (1995), and NEIJENHUIS et al. (2000) . NEIJENHUIS et al. (2001) called attention to the importance of the teat end as a barrier against infiltration of infection into the udder in the case of incorrect milking procedures. The wall thickness was strengthened in the C cows (+15.6 %) during the 2nd measurement immediately after milking in comparison with the 1st measurement before milking (P<0.05). Significant differences in the wall thickness were detected in the H cows between the 1st and the 2nd measurements (+18 %; P<0.001) and between the 2nd and the 3rd measurements. Three hours after milking the wall remained 12.7 % thicker in the C cows and by 13.41 % thicker in the H breed. Interbreed differences were mentioned in the findings of KLEIN et al. (2005) . In our observation, significant differences in the wall thickness between both breeds were determined 3 h after milking only (P<0.001).
Values of the linear description of udder traits, which was performed during the 1st period of lactation, are presented in Table 1 . Better values of the selected linear traits were detected in the H breed compared to the C breed. Significant differences in favour of the H cows were determined in the width of rear udder attachment (P<0.01) and the mammary veins (P<0.05). Evaluation of the udder by linear description indicates that the mammary system of both breeds corresponds to their breeding standards. Similar findings were presented by BOUšKA et al. (1999) . BOUšKA et al. (2006) demonstrated that the objective of breeding systems is to maximize the overall herd profit, and therefore they evaluated positively the inclusion of udder traits in the total selection indexes used in the Czech Republic as reported by šAFUS et al. (2005) . The selection is made according to hereditary disposition, which is defined by the breeding value of selected traits (BEZDíčEK et al. 2008) .
Non-significant interbreed differences were found at the time of milking and in the daily milk yield. The average milk yield was 14.4 l and the milking time represented 359 s in the cows of breed C and 13.96 l, resp. 380 s in breed H.
The average values for somatic cell count (SCC) in the milk of the observed breeds were 181 100 in one ml of milk in breed C and 380 200 SCC in the H cows. However, the difference was not statistically significant. PINďáK et al. (1993) stated the range from 200 000 to 300 000 as a high risk for the occurrence of mastitis, while DOLEžAL et al. (1999) presented the average somatic cell count in cows from the 1st to the 4th lactation in the range from 212 000 to 264 000 in one ml of milk. NěMCOVá et al. (2007) found that low somatic cell score appears to be associated with the longer teats of Holstein dairy cows. According to KVAPILíK et al. (2006) , the data set of the C cows belongs to the best 18 % of the entire population, while it is 9.4 % from all H dairy cows bred in the Czech Republic. KOç and KIZILKAYA (2009) reported similar difference in SCC between evaluated breeds and they interpreted this difference as result of different resistance mechanisms against mastitis, different morphological conformations of udders, and different milk yields of these breeds.
In the present study was observed cows during the 1st and the 2nd lactation and detected non-significant differences between these lactations. SAWA and KRężEL-CZEPEK (2009) mentioned that the 1st lactation is considered as a test lactation because the cow´s body is still developing. Values of the evaluated proportions of the teat and traits of the milk performance in relation to the period of lactation are described in Tables 3 and 4 . Higher values of the external proportions of the teat were measured in the 2nd period of lactation except for the diameter of the teat closely before milking. A significant difference was detected only in the teat diameter 3 h after milking (P<0.05). The internal proportions of the teat were always significantly higher (P<0.05-0.001) in the 2nd period of lactation compared to the 1st period. The prolongation of the teat canal by 0.15 cm closely before (P<0.01), by 0.16 cm immediately after (P<0.001), and by 0.13 cm 3 h after milking (P<0.01) was measured in the 2nd period of lactation. The teat end area before milking showed 2.14 cm 2 in the 1st period, while 2.47 cm 2 during the 2nd period, and this difference was significant (P<0.01). The difference measured in the teat end area immediately after milking was smaller and significant (P<0.05), while the difference detected 3 h after milking was more significant (P<0.01).
The same tendency was observed in the wall thickness, when the values were higher during the 2nd period of lactation, but all differences were non-significant. NEIJENHUISE et al. (2000) discussed the long-term effect of milking on the teat tissue, which can prolong the time for regeneration of the teat.
Differences in the average milk yield were non-significant, contrary to the findings of KOCAK and EKíZ (2008) , which reported significant differences in milk production according to the period of lactation. Somatic cell count was lower in the 2nd period, but non-significantly with respect to a higher level of variance. The time of milking was non-significantly shorter during the 2nd period, although the daily milk yield was practically the same. The significances of differences between the values of the external and internal proportions of the teat, which were measured closely before (1st), immediately after (2nd) and 3 h after milking (3rd), are described in Table 3 . Statistically significant differences were found in almost all measurements of the observed traits of the teat between the 1st and the 2nd period of lactation (P<0.05-0.001). The relative changes of values between the 1st and the 2nd, and between the 1st and the 3rd measurements are presented in Table 4 . The value of the teat diameter immediately after milking decreased more significantly (94.3 %) in the 1st period of lactation than in the 2nd period (96.4 %) with respect to the initial size (P<0.001). A significant decline of this parameter (P<0.001) was subsequently found 3 h after milking, especially in the 1st period (92.3 %) in comparison to the 2nd period (96.3 %). The length of the teat was prolonged to 105.2 % and to 106.7 % immediately after milking in the 1st, respectively in the 2nd period (P<0.001). However, the values represented 96.2 %, respectively 98.8 % 3 h after milking. The values of all internal proportions of the teat increased immediately after milking, and no value returned to the initial size during 3 h after milking. Although the relative changes of the observed traits between the 1st and the 2nd period of lactation were non-significant, we found a tendency of teat stability to decline during milking and in its capability to reach its initial size as well. These findings are in agreement with the results of NEIJENHUIS et al. (2000) .
In conclusion, significant interbreed differences in external as well as internal proportions of teats and udder traits of linear description, in relation to measurement closely before, immediately after, and 3 h after milking were determined. Significant relative changes were also detected during the entire observation in both breeds. These results indicate different tolerance of teats to machine milking between the evaluated breeds and document the higher risk of physiological disturbances of the mammary system in Holstein cows. Significant differences in external and internal proportions were also determined in relation to the period of lactation. Long-term milking burdens the udder and its functionality. These facts emphasized the necessity of proper milking management and adjustment of milking machines.
